We have studied the diffuse radiation in the surroundings of M42 using photometric data from the Galaxy Evolution Explorer (GALEX) in the far-ultraviolet (FUV) and infrared observations of the AKARI space telescope. The main source of the FUV diffuse emission is the starlight from the Trapezium stars scattered by dust in front of the nebula. We initially compare the diffuse FUV with the far-infrared (FIR) observations at the same locations. The FUV-IR correlations enable us to determine the type of dust contributing to this emission. We then use an existing model for studying the FUV dust scattering in Orion to check if it can be extended to regions away from the centre in a 10 deg radius. We obtain an albedo, α = 0.7 and scattering phase function asymmetry factor, g = 0.6 as the median values for our dust locations on different sides of the central Orion region. We find a uniform value of optical parameters across our sample of locations with the dust properties varying significantly from those at the centre of the nebula.
INTRODUCTION
The Orion Nebula (M42 or NGC 1976 ) is one of the most studied and nearest sites of active star formation [Bally (2008) ] from the Milky Way (MW). It spans more than 700 deg 2 in the sky [Beitia-Antero & Gómez de Castro (2017) ] with emissions at different wavelengths. M42 is one of the brightest sources in the ultraviolet (UV) sky [Carruthers & Opal (1977) ] and is one of the first objects targeted with new instruments for calibration purposes. The dust properties in Orion are known to be different from average Milky Way dust with the presence of much larger dust grains [Draine (2003) ]. The brightness in Orion is attributed to the light from the Trapezium cluster of stars being forward scattered by the thin sheet of neutral hydrogen (HI), known as Orion's veil [Lockhart & Goss (1978) ; O'dell et al. (1993) ], located ∼1 pc in front of the nebula. Abel et al. (2004) state that the veil subtends an angle of at least 10' in the plane of the sky, which amounts to 1.5 pc at 500 pc. O'Dell (2001) has presented an extensive review of Orion nebula and related observations. Murthy & Sahnow (2004) reported the first FUV diffuse observations in this region with data from the ⋆ E-mail: gautamsaikia91@gmail.com † E-mail: shalima.p@gmail.com ‡ E-mail: rupjyotigogoi@gmail.com
Far Ultraviolet Spectroscopic Explorer (FUSE) telescope. Shalima et al. (2006) continued this work by modelling these observations to study the dust properties in the FUV and found that the albedo of these grains varies from 0.3 ± 0.1 at 912Å to 0.5 ± 0.2 at 1020Å. The results of their proposed model were consistent with those of Draine (2003) . In the recent past, a lot of work has been done to study the dust properties in the central region of Orion, mainly concentrating on the ∼5' diameter optically bright region referred to as the Huygens region [Huygens (1659) ] centered on the Trapezium stars, and the veil [Scandariato et al. (2011) In this work, we present the findings after applying the dust model used successfully by Shalima et al. (2006) at the Orion centre, to the surroundings of Orion in an unprecedented 10 deg radius. We have used archival data from the Galaxy Evolution Explorer (GALEX) [Martin et al. (2005) ] at FUV 1539Å and from the AKARI space telescope [Murakami et al. (2007) ] archives at four far-IR wavelengths for this study. First we present the correlations between the GALEX FUV and the AKARI infrared observations. We then proceed to model the dust scattered FUV light in the Orion surroundings which will tell us about the scattering properties of the dust grains (albedo, cross-section and scattering phase function), and the nature of dust species as we move away from the centre of the nebula. We finally compare our results with previous work done for the Orion region and present our conclusions.
OBSERVATIONS AND DATA ANALYSIS

The Data
We have taken the location observed by Shalima et al. (2006), i.e. (l = 208.8, b = -19. 3) as centre and looked for GALEX observations in a 10 deg radius. The GALEX mission performed surveys of the ultraviolet sky in two wavelength bands: FUV (λ e f f ∼ 1528Å, 1344-1786Å) and NUV (λ e f f ∼ 2310Å, 1771-2831Å) with different depth and coverage [Morrissey et al. (2007) ; Bianchi (2009)] . GALEX had a field of view ≈1.2 0 diameter, with a spatial resolution of ≈4.2 ′′ (FUV) and ≈5.3 ′′ (NUV) [Morrissey et al. (2007) ]. The two detectors provided simultaneous observations of the same field in two bands owing to the presence of a dichroic beam splitter [Bianchi et al. (2014) ]. The GALEX all sky imaging survey: AIS was completed in 2007 covering
Since Orion is very bright in the UV, GALEX didn't observe the central region of the nebula due to instrumental constraints and the observations start from an angular distance of 6.96 deg, which works to our advantage. We have an opportunity to apply a model working at the central region towards the outskirts of the nebula. We have taken 42 locations observed by GALEX in the FUV (1539Å) from the final data release of the spacecraft (GR6/GR7). We have 40 observations from GALEX AIS and 2 observations from GALEX Guest Investigator (GI) program. Using aperture photometry technique, we have calculated the flux at these locations and then converted them to intensities without convolving the images. The observed intensities have been corrected for airglow and background emission as described by Murthy (2014) . Our locations with respect to the Orion centre are shown in Figure 1 . The GALEX FUV details along with observed intensities are shown in Table  4 .
We have looked for infrared (IR) data at the same 42 locations in the AKARI legacy archive at four wavelength bands: 65 µm, 90 µm, 140 µm and 160 µm. These four wavelength bands were observed by the AKARI FarInfrared Surveyor (FIS) [Kawada et al. (2007) ] which was the instrument chiefly intended to make an all-sky survey at far-infrared wavelengths [Doi et al. (2015) ; Takita et al. (2015) ]. The observation bands were named as: N60 (50-80 µm), WIDE-S (60-110 µm), WIDE-L (110-180 µm) and N160 (140-180 µm). The IR intensities I 65µm , I 90µm , I 140µm and I 160µm (with the subscript representing the wavelength in microns) observed by AKARI at our locations (calculated using aperture photometry) are shown in Table 5 . 
Correlation studies
We have calculated the Spearman's rank correlations among the FUV (1539Å= 0.15 µm) and the four FIR wavelengths for which we have collected the archival data. The correlation value tells us both the strength and direction (positive or negative) of the monotonic relationship between two variables. It is non-parametric in the sense that it does not assume any model, like a straight line fit [Bevington & Robinson (2003) ]. The Spearman's rank correlation coefficient is calculated using the following relation:
n 3 − n where, Σ = sum, d = difference between two ranks, n = no. of pairs of data.
The observed correlations between the GALEX FUV data (Table 4 ) and the AKARI FIR data (Table 5 ) are shown in Table 1 and the corresponding graphs are shown in Figure  2 . The probability or p-value is also shown which tells us how likely it is for the calculation to be a result of chance. A lower p-value signifies more reliability in the observed value of rank correlation coefficient.
The FUV model
We have used the model by Shalima et al. (2006) and hence we try to constrain the albedo and the asymmetry factor of the dust grains in the region surrounding Orion. The model uses the Henyey-Greenstein scattering phase function [Henyey & Greenstein (1941) ]:
where 'g' is the phase function asymmetry factor and θ is the scattering angle. A value of 'g' close to zero implies that the scattering is nearly isotropic while a value of g near 1 implies strongly forward scattering grains.
The Trapezium cluster of stars in Orion are the brightest source of radiation from the nebula as mentioned by Shalima et al. (2006) . But since our region under consideration is much further away from the center of M42, we have taken into account the 14 brightest stars, in addition to the Trapezium stars as contributors of radiation at our locations as shown in Table 2 . The stellar luminosities shown in Table 2 have been calculated using data from the International Ultraviolet Explorer (IUE) archives at 1539Å. We have first used the all-sky 100 µm dust emission maps by Schlegel et al. (1998) to extract the E(B-V) for our stars. We have then used the dust cross-section per hydrogen atom from Draine (2003) and an extinction R v = 5.5 for Orion to calculate the total extinction A(V) and N(H) for each location:
Since we do have much idea about the dust properties at our 42 locations, we have selected a set of reference stars as shown in Figure 1 from the Hipparcos catalogue [Perryman et al. (1997) ] close to our dust in order to get a better estimate of the extinction and distance to our locations. We use a CO map from Planck Telescope archive [Planck Collaboration et al. (2016) ] to separate the molecular component, N(CO) from the total N(H). Now, the E(B-V) values of the stars varies differently with distance: very close to the centre the dust density is high, so we make a table of N(H) values for these stars and put them in bins of suitable size to allow us to compare with the values in the locations.
In our model, we only consider single-scattering due to the presence of Orion's Veil in front of the nebula which scatters the light from the 14 stars we have considered. We mainly put the N(H) values in front of the reference stars. The optical depth is given as, τ(λ) = N(H) × σ, where λ = 1539Å and σ is the extinction cross-section. Since we have low values of τ (≪1), single-scattering dominates. Hence, the reference stars in Figure 1 are used for distributing the material. If we see the column density remaining constant despite the distance, then we put the entire N(H)-N(CO) in front of the star. Otherwise we put two or three sheets of 0.1 pc so that we get the total column density. e.g. The star N(H)=4.6e21 is in front of the star. So we put 4.6e21/3e18/0.1 at 210pc and (6.69e21-4.6e21)/3e18/0.1 at 450pc (where 6.69e21 is the total N(H) for the dust location). Dividing the N(H) by the factor (3e18×0.1) gives us the number density. Hence, if the column density is same with distance, then all the dust is in front of the closer star. Between that and the star which is away there is not much dust. Assuming the same albedo (α), g, throughout and varying the distance and column densities, we try to get a good fit between the GALEX FUV observations and our model output. This will give us the 3D dust distribution (as seen in Figure 3 ).
RESULTS AND DISCUSSION
We see from our correlation studies in Table 1 and Figure  2 that the FUV-FIR rank correlation is almost similar for emission at 90 µm and 140 µm with a slightly weaker correlation coefficient at 140 µm. The correlation is better than what is seen at 65 µm for all longer wavelengths. This shows that the dust species which shows emission at both wavelength bands around 100 µm is from similar cold environments [Seon et al. (2011b) ; Seon et al. (2011a) ; Hamden et al. (2013) ]. The emission beyond 100 µm is from colder and larger grains and hence the weaker correlation as we move to longer wavelengths. Now, emission at 65 µm is associated with star-forming regions [Onaka & Okada (2003) ]. Therefore, the dust grains are prone to destruction in the presence of high UV radiation fields [Madden (2000) ; Galliano et al. (2005) ] and hence the observed low value of correlation coefficient. The overall correlation trend indicates that the dust contributing to the scattering in our locations away from the centre of the Orion nebula is associated with colder environments as compared to the centre which has the Trapezium star cluster. This is in agreement with the previous work done by Shalima et al. (2006) where it is seen that dust in the neutral HI sheet is responsible for the scattering and not dust in the HII region. So this thin sheet of dust may be extending even for our locations but at a slightly different distance.
Our model gives the outputs separately for each combination of α, g and distance of dust cloud. We have done our calculations for a dust sheet 0.1 pc thick with input parameters as discussed in section 2.3. We compare our model results with the observed GALEX FUV values from Table 4 by placing the dust at various distances ranging from 100 pc to 450 pc. We get the best fit α, g and distance values for the different dust locations from our model and as shown in Table 3 . We see higher deviation between the model and observed values as we move the dust farther away towards 450 pc from the distances specified in Table 3 . Since the dust grains are forward scattering, it is expected that the dust responsible for the scattering should be in front of the stars which is evident from our distance calculations as shown in Figure 3 . In order to check this argument, we have removed all the dust behind the stars to see the contribution from foreground dust. We find that the change in output varies from 0.4-16% which means that atleast 84% of the light scattering is from foreground dust. So we can say that the background dust contribution is negligible.
We have tried to check the results by grouping our locations into four regions according to their position in Figure 1 . Group 1: single location on top of the 14 stars at the centre, Group 2: 15 locations to the left, Group 3: 4 locations to the bottom, Group 4: 22 locations to the right of the central region. We see that there is a consistency for all the groups irrespective of the distance and location and although individual locations have varying α and g with distance (Table 3) , each group has the same median values for these parameters, i.e. α = 0.7, g = 0.6 at 1539Å. This is an increase in the value of the albedo from those observed by Shalima et al. (2006) at lower wavelengths for their sample. This is also higher than the theoretically predicated value of α = 0.4 by Draine (2003) at similar wavelengths for average Milky Way dust with R v = 5.5. However, this is the median value for our locations and we do see a few individual locations in Table 3 with albedo values matching with the predictions of Draine (2003) model.
CONCLUSIONS
• We find the dust grains contributing to the extinction in our locations to be associated with colder environments as compared to the central Orion region (with the Trapezium star cluster) which agrees with the observations made by Shalima et al. (2006) , where Orion's veil is seen to be responsible for the scattering and not the HII region dust. We also see better correlation values at longer wavelengths indicating the origin of the emission to be from larger sized dust grains. This is in agreement to the findings of a lack of small dust particles by Beitia-Antero & Gómez de Castro (2017) as confirmed by the decrease in the strength of the 2175Å feature. The reason might be due to possible destruction of PAHs or photo evaporation of the small dust grains in sites of heavy irradiation as evident from the low correlation values seen at shorter wavelengths (Table 1 ).
• The FUV light scattering observed by us is predominantly from the foreground dust which provides for atleast 84% of the scattered radiation. Schlafly et al. (2015) have found a 14 0 circular ring of dust engulfing the star-forming regions as well as dust clouds in Orion and they have estimated all the material to be lying between 400-550 pc giving a 150 pc depth and 100 pc width to the ring. Almost all of our dust locations lie within the 100-400 pc range (Table 3 ) and hence we are less concerned with the negligible background dust contaminating our observed results.
• We find the median values for our model parameters to be α = 0.7, g = 0.6, which are same for all the four groups in (Table 3 ). This might be attributed to the presence of larger sized dust grains (as seen from the correlation studies) at our locations leading to high extinction values.
• From our obtained α and g values, we can conclude that the the dust grain properties at our observed locations are significantly different from those close to the centre which was expected. This is supported by observations made by Scandariato et al. (2011) showing that the central Orion molecular complex, towards the direction of the Trapezium cluster, accounts for the largest amount of extinction with a decrease in the extinction towards the edge of the nebula. This indicates that the thin layer of neutral HI doesn't extend as far as our observed locations. 
